Background The epidemiology of gastrointestinal bleeding (GIB) in end-stage renal disease (ESRD) has not been adequately characterized. Using United States Renal Data System data we investigated the epidemiology of GIB in hospitalized patients receiving long-term dialysis. Methods Medicare ESRD patients who began dialysis between 1996 and 2005 were followed from 90 days after starting dialysis to death, transplant, loss of Medicare, or December 31, 2006. GIB events were identified using claims data. Predictors of GIB incidence were analyzed using over-dispersed Poisson regression and Cox regression was used to evaluate the effect on survival. Repeat episodes were modeled using a partially conditional Cox regression model.
Results 406,836 patients were followed for 832,131 person-years, during which 133,967 events were identified. The incidence of GIB was stable through year 2000 but steadily increased thereafter. Chronic gastric ulcer and colonic diverticulosis were the commonest defined causes of upper and lower GIB respectively. Age [49 years, female gender, hypertension as the cause of ESRD, and initiation on hemodialysis was associated with a greater risk of GIB. An episode of GIB conferred a increased hazard of death (hazard ratio 1.9, 95 % CI 1.86-1.93). A previous episode of GIB was associated with greater hazard of another episode (hazard ratio 3.93, 95 % CI 3.82-4.05). Conclusions In ESRD patients incident to long-term dialysis the incidence of hospital-associated GIB is increasing, is associated with a greater hazard of death, and carries a great hazard of repeat episodes.
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Background
Subjects on long-term dialysis represent an ever-expanding patient population with a much higher morbidity and mortality compared to the general population. Besides a higher incidence of cardiovascular disease, small studies have shown there is an increased incidence of gastrointestinal bleeding in this patient population [1, 2] . However, the true incidence of gastrointestinal bleeding in this population is not known [3] .
In the United States, peritoneal dialysis has been in a steady decline while the incidence of hemodialysis has been rising [4] . Since heparin-based anticoagulation is used during hemodialysis the question arises whether the The results were presented at annual meeting of the American Society of Nephrology in Atlanta, Georgia on November 9, 2013 and published in abstract form in the abstract edition of the Journal of the American Society of Nephrology.
The data reported here have been supplied by the United States Renal Data System (USRDS). The interpretation and reporting of these data are the responsibility of the authors and in no way should be seen as an official policy or interpretation of the US government.
expanding hemodialysis population is prone to greater gastrointestinal bleeding risks. Our anecdotal observations suggest gastrointestinal bleeding episodes have increased in the end-stage renal disease (ESRD) population.
In summary, the epidemiology of gastrointestinal bleeding in long-term dialysis subjects has not been adequately characterized. Prior studies have been solely related to upper gastrointestinal bleeding and often limited to outcomes during hospitalization [5] [6] [7] [8] [9] [10] . It is of interest to determine if gastrointestinal bleeding episodes have any impact other than morbidity i.e. whether they impact mortality in ESRD subjects. Since ESRD subjects already have a high burden of cardiovascular disease it is rational to consider that added insults like gastrointestinal bleeding could increase the risk of death.
We hypothesized that in patients with end-stage renal disease receiving long-term dialysis the incidence of gastrointestinal bleeding has increased over time, carries a high risk of repeated bleeding episodes, and is associated with increased risk of death. Using United States Renal Data System data we studied the epidemiology of gastrointestinal bleeding in hospitalized patients on long-term dialysis.
Methods
The United States Renal Data System (USRDS) was used to identify incident dialysis subjects with non-HMO Medicare as primary payer and first date of ESRD service between January 1, 1996 and December 31, 2005. The USRDS is the national data system funded by the National Institute of Diabetes and Digestive and Kidney Diseases that collects, analyzes, and distributes information about ESRD in the United States. USRDS receives data about all Medicare claims from the Centers of Medicare and Medicaid services for all patients on chronic dialysis in the United States with Medicare as primary payer, which represents about 80 % of patients on long-term dialysis [11] . For patients younger than 65 years who are not disabled Medicare coverage for center dialysis patients typically starts 90 days after the first dialysis service while for home dialysis patients coverage starts immediately. Thus, for uniformity, the study time for each patient started 90 days after the date of first service, which is the accepted methodology for outcome analyses using USRDS data [12] . This avoids incomplete hospitalization data from center hemodialysis patients aged younger than 65 years and not disabled, who cannot bill Medicare until 90 days after first ESRD service date. Further, since type of dialysis could impact the risk of gastrointestinal bleeding patients with unknown dialysis type were not included. The patients were followed up to the first occurrence of death, 
Analytical methods
An initial analysis of predictors of the incidence of gastrointestinal bleeding was performed using over-dispersed Poisson regression with log-person years as offset on a sixway cross-tabulation of the number of bleeding events by current age, sex, race, primary cause of renal failure, initial type of dialysis, and current year. Additionally, we evaluated the cumulative incidence of the first occurrence of a gastrointestinal bleeding event using the Nelson-Aalen estimator. For this analysis death and transplant were treated as competing events, and patients were censored at the date of last follow up, loss of Medicare as primary payer, recovery of renal function, when the type of dialysis was unknown, or at the end of the study period (December 31, 2006) . A Cox regression model was used to evaluate the effect of bleeding on survival. Sex, race, primary cause of renal failure, and year of first service were included as baseline predictors; current age, current dialysis type, and occurrence of bleeding during the follow-up period were included as time-varying covariates.
The process of repeat gastrointestinal bleeding episodes was modeled using a partially conditional Cox regression model. The time was restarted after each bleeding occurrence, thus the probability of reoccurrence was modeled. Robust sandwich estimators were used to account for the within-patient dependence of the gastrointestinal bleeding episodes. The number of previous episodes was treated as strata for graphical presentation. For a numerical estimate of the effect of previous gastrointestinal bleeding episodes on subsequent ones a modified model was fitted with two additional covariates, an indicator of having had any gastrointestinal bleeding and the number of additional bleeding episodes.
Most analyses were performed using SAS 9.3 (SAS Institute, Cary, NC), with the exception of the cumulative incidence estimation performed using the ''cmprsk'' package in R 3.0.1 (R Foundation for Statistical Computing, Vienna, Austria). A two-sided 5 % significance level was used throughout. Wherever applicable, results are reported as mean (standard deviation).
Results
A total of 406,836 incident dialysis patients were identified and followed for 832,131 person-years. 133,967 gastrointestinal bleeding events were identified for a rate of 161 events per 1,000 person-years. The mean age of the patient population was 66.9 (14.4), 52.5 % were men, and the majority (67 %) were whites. Overall about 19.5 % of the population had at least one gastrointestinal bleeding episode associated with a hospitalization event. Patients with bleeding episodes had an average of 1.69 (1.44) bleeding events (range 1-44). Defined upper gastrointestinal bleeding events were more common (65.2 events per 1,000 patient-years) than lower gastrointestinal bleeding events (33.7 events per 1,000 patient-years). Patients with defined upper gastrointestinal bleeding episodes had an average of 1.51 (1.13) episodes and patients with lower gastrointestinal bleeding episodes had an average of 1.27 (0.76) episodes. As the population age increased, the overall incidence of gastrointestinal bleeding increased. However, among the defined categories the incidence of upper gastrointestinal bleeding progressively decreased with age while that of lower gastrointestinal bleeding progressively increased. For example, in the 0-39 year-old age group the incidence of upper gastrointestinal bleeding was 82.7 events per 1,000 person-years and that of lower gastrointestinal bleeding was 8.4 per 1,000 person-years. In the 80 years and older age group the incidence of diagnosed upper GI bleeding was 58.4 events per 1,000 person-years and that of lower GI bleeding was 47.7 per 1,000 personyears. While in a large percent of instances (38.6 %) the source of bleeding was not defined chronic gastric ulcer was the commonest cause among episodes of upper gastrointestinal bleeding (6.4 % of cases) and diverticulosis of the colon was the commonest cause of lower gastrointestinal bleeding (6.2 % of cases). Table 1 shows the characteristics of the study population and Table 2 shows the distribution of the various causes of gastrointestinal bleeding.
Marginal analyses showed that the incidence of gastrointestinal bleeding in hospitalized ESRD patients was more or less stable in the late 1990s and then steadily increased thereafter. During the period 1996-2000 the incidence fluctuated on either side of 130 events per 1,000 personyears. Year 2000 onwards depicted a consistent year-toyear rise in the incidence such that in year 2006 the incidence was 221.2 events per 1,000 person-years (Table 3) . Adjusted analyses showed that the relative risk of a hospital-associated gastrointestinal bleeding episode significantly rose from year 2001 through 2006 and in year 2006 was 62 % greater than in year 1996. The incidence also steadily increased with age (progressively in each age decile beyond age 49 compared to persons aged 39 years or younger), was significantly greater in women, and in blacks versus whites. Among the predominant causes of ESRD, the incidence was greater in patients with hypertensive ESRD than in those with ESRD due to diabetes mellitus. The risk of gastrointestinal bleeding was lower in patients who initiated ESRD therapy with peritoneal dialysis as compared to patients who initiated hemodialysis therapy. Table 4 shows the results of the Poisson regression analyses. Figure 1 shows the cumulative incidence of the first gastrointestinal bleeding event along with the cumulative incidence of transplantation and death. Figure 2 shows the cumulative incidence of gastrointestinal bleeding according to various characteristics. Cox regression analysis showed that an episode of hospital-associated gastrointestinal bleeding in patients incident to long-term dialysis had a significant adverse impact on survival increasing the hazard of death by almost two-fold (hazard ratio 1.9, 95 % confidence intervals 1.86-1.93). Every additional episode of gastrointestinal bleeding increased the hazard of death by an additional 3 %. Table 5 shows the hazard of death associated with gastrointestinal bleeding and other factors.
The hazard of repeated episodes of gastrointestinal bleed steadily increased with age (progressively in each decile beyond age 40 years or more), was greater in women, and in persons with hypertension as the cause of ESRD (Table 6 ). Furthermore, the incidence of repeated episodes of bleeding steadily increased with calendar years of incidence, with a significantly greater hazard of re-bleeding after year 2002. Having had a previous episode of GIB increased the hazard of another episode substantially (hazard ratio 3.933; 95 % CI 3.82-4.05), and each further bleed kept increasing the future hazard (hazard ratio 1.114; 95 % CI 1.10-1.13). After each episode of gastrointestinal bleeding, the proportion of patients with bleed-free survival at given time-points progressively decreased. As a representative example, Fig. 3 depicts the progressively smaller proportion of bleed event-free survivors at given times after each of six consecutive episodes of gastrointestinal bleeding in a reference population (white men under 40 years of age, end-stage renal disease due to diabetes mellitus, incident to dialysis in period 1996-1997).
Discussion
After remaining more or less stable in the latter part of the twentieth century, the incidence of gastrointestinal bleeding in patients with end-stage renal disease beginning longterm dialysis that occurs during hospitalization or results in hospitalization has been steadily increasing. Moreover, these gastrointestinal bleeding events associated with an increased hazard of death. It is possible a gastrointestinal bleeding occurrence increases the risk of cardiovascular events in patients on dialysis due to the associated the hemodynamic insult or decline in hemoglobin. Such factors could well place additional strain on patients with endstage renal disease on dialysis therapy who inherently have a vulnerable cardiovascular milieu and high burden of atherosclerotic disease. The factors that have led to an increasing incidence of gastrointestinal bleeding in patients on long-term dialysis are not clear. It is tempting to speculate that the incidence of gastrointestinal bleed has increased due to rising number and proportion of patients receiving hemodialysis and the declining numbers of patients on peritoneal dialysis. For instance, in 1996, 65,533 incident ESRD patients began hemodialysis while 9,356 (proportion 12.5 %) patients began peritoneal dialysis. In 2006 incident hemodialysis patients equaled 101,549 while incident peritoneal dialysis patient equaled 6,773 (proportion 6.7 %) [4] . About twothirds of hemodialysis patients have detectable levels of heparin in pre-dialysis plasma samples suggesting a chronic state of anticoagulation [13] . However, the effect of dialysis type while statistically significant was not large and the rising incidence of gastrointestinal bleeding was seen even after adjustment for initial dialysis modality indicating modality trends over time is not an adequate explanation. Another factor that could be playing a part in recent increase in gastrointestinal bleeding could be related to advancement of cardiovascular intervention in recent years and increasing use of antiplatelet agents such as clopidogrel. However the authors are unaware of any data in support of such a premise.
A three-fold hazard of re-bleeding episodes of gastrointestinal bleeding, that occur during another hospitalization or result in another hospitalization, in this patient population is noteworthy. Given these data representing overt re-bleeding, subclinical rates of re-bleeding might be even greater. Fluctuations in hemoglobin are common in dialysis subjects, often ascribed to a phenomenon referred to as hemoglobin cycling [14] [15] [16] . However, a higher index of suspicion of gastrointestinal blood loss may be warranted in patients with prior known bleeding episodes during downward drifts in hemoglobin. Further investigation is merited to ascertain the predictive value of degrees of decline in hemoglobin in detecting recurrent gastrointestinal bleeding.
A higher observed hazard of mortality associated with hospital-associated gastrointestinal bleeding episodes in patients on long-term dialysis suggests that such instances might warrant a different approach as compared to the general population. In usual circumstances, in patients with gastrointestinal bleeding without hemodynamic compromise or relatively stable hemoglobin endoscopy is often undertaken on a non-urgent basis often depending on the time or day of presentation. There is generally no uniformity of approach and gastroenterologists treat each instance of bleeding on a case by case basis based on clinical judgment. The question arises whether subjects on dialysis merit a different and more aggressive tactic. Further study is necessary to ascertain whether more aggressive intervention such as uniformly early endoscopy leads to better outcomes in patients on long-term dialysis hospitalized with gastrointestinal bleeding. Our study elucidated important results in a large population showing the prominence of chronic gastric ulcer and diverticulosis of the colon as the most common defined causes of upper and lower gastrointestinal bleeding in the study population. Further, demographic patterns of the risk of bleeding and repeated bleeding detected in the present analysis offers valuable insights for clinicians taking care of this patient population.
There are limitations of the present study. Firstly, we only analyzed gastrointestinal bleeding events that led to hospitalization or occurred during a hospitalization stay. Episodes of bleeding that were not associated with a hospital stay were not captured. However, it is likely that in ESRD patients a meaningful bleeding episode that leads to a substantive drop in hemoglobin or hemodynamic change would result in an inpatient diagnosis of gastrointestinal ESRD end-stage renal disease, GN glomerulonephritis, HD hemodialysis, PD peritoneal dialysis Fig. 1 Cumulative incidence of gastrointestinal bleeding, transplantation and death in patients incident to long-term dialysis bleeding. Arguably, given these results, even trivial episodes of gastrointestinal bleeding in this population should be given greater importance and the threshold for hospitalization should possibly be different. However, one cannot be certain that trivial episodes would have a similar impact on outcome. While the analysis adjusted for key variables it is possible that factors unaccounted for could affect the results. Particularly, we did not have data regarding antithrombotic agents, including oral anticoagulants. In the Dialysis Outcomes and Practice Patterns Study population, oral anticoagulant use has been shown to be associated with a higher risk of overall bleeding events requiring hospitalization in patients on chronic hemodialysis though specifically gastrointestinal bleeding-related outcomes were not reported [17] . Moreover, we only analyzed dialysis patients with Medicare as a primary payer. However, there is no reason to suspect that outcomes of gastrointestinal bleeding would vary in nonMedicare patients. Like any registry data, our results are fraught with the limitation that they are dependent on appropriate coding and appropriate data entry. Furthermore, if a billing claim is not submitted we would not capture that episode, a situation we consider less likely due to the inherent interest in capturing revenue appropriately on the part of health care providers. Due to the large number of subjects in the study and the large of number of events captured, which have enabled a robust analysis, we feel that such missed or erroneous data is not likely to substantially alter the interpretation or overall conclusions. In conclusion the incidence of gastrointestinal bleeding that occur during hospitalization or result in hospitalization is increasing in patients with end-stage renal disease new to long-term dialysis and carries a high hazard of recurrence. Chronic gastric ulcer and colonic diverticulosis are the commonest causes of upper and lower gastrointestinal bleeding respectively. Besides leading to greater morbidity episodes of gastrointestinal bleeding are associated with a greater hazard of death. There needs to be awareness of this issue and a more aggressive approach to such bleeding episodes might be warranted in this population.
